proteins act as editing factors in the post-transcriptional process (Okuda et al., 2007; 94 Saha et al., 2007) . For example, PPR10 (Pfalz et al., 2009; Prikryl et al., 2011) , ATP4
95
(Zoschke et al., 2012), CRP1 (Barkan et al., 1994) , PGR3 (Yamazaki et al., 2004) 96 could both stabilize the organelle gene transcripts and active their translation.
97
Although almost all of the target transcripts are chloroplast ORFs, few is known to 98 affect the mitochondria gene translation just except for that MPPR6 could influence 99 the choice of start codon and the processing or stabilization of rps5 5' terminal 100 (Manavski et al., 2012) .
101
PpPPR43) (Ichinose et al., 2012; Khrouchtchova et al., 2012) . However, when they 108 were mentioned as editing factors, the PLS-class proteins may act as the main forces 109 (Kotera et al., 2005) . Up to now, a series of PLS-class proteins have been reported to 110 play important roles in the editing of mitochondria or chloroplast genes. In rice,
111
OsOGR1, OsSMK1, OsMPR25 have been indicated to participate in the editing of 112 organelle transcripts (Kim et al., 2009; Toda et al., 2012; Li et al., 2014) . Previously, 113 we also reported that OsPGL1 and OsPPS1 are responsible for the RNA editing of 114 ndhD, ccmFc and nad3, respectively (Xiao et al., 2018; Xiao et al., 2018) .
115
In this study, we characterized a novel PPR gene, PPR756 (Os12g19260), 116 encoding a PLS-E PPR protein, which is associated with the development of rice.
117
PPR756 acted as an editing factor required for the editing of mitochondria genes, atp6, 118 ccmC and nad7, loss function of which could influence the activities of mitochondrial 119 electron transport chain complexes and result in the dysfunctional pollens. 
PPR756 especially influences pollen fertility

157
To make it clear whether the lower seed setting resulted from the male sterility or 158 female sterility, we first tested the pollen fertility by I 2 -KI staining. Results showed 159 that the pollens became sterile when PPR756 was null ( Fig. 2A) . To explore the 160 underlying mechanism, we further detected the morphological details of anther and 161 pollen by SEM. The observations of anther showed the curly anther base in the KO 162 mutant line compared with the WT and OE line (Fig. 2B) 
174
L motifs), its C-terminal region (from 621 to 694 residues) also exhibited a strong 175 similarity to the consensus sequence of E domain which attributed to classify this 176 protein into the PLS-E subfamily (Fig. 3A) . More interesting, most PPR proteins 177 consisted of P, L, S motifs in turns, however, PPR756 consisted of numbers of S 178 motifs (Fig. 3B ).
179
To further explore the evolution of PPR756 in plants, a phylogenetic tree was 180 constructed based on the protein sequence alignment from 22 other species, which 181 exhibited over 55% similarity, including Aegilops tauschii, Triticum turgidum,
182
Brachypodium distachyon, Panicum hallii, Dichanthelium oligosanthes, Setaria italic,
183
Eragrostis curvula, Setaria viridis, Sorghum bicolor, Zea mays, Panicum miliaceum, 184 Phoenix dactylifera, Ananas comosus, Ensete ventricosum, Cinnamomum micranthum 185 monocots and only one dicot (Fig. 3C) . Moreover, the homologous in top five species 189 were further analyzed, results showing the extremely conservation in these monocots 190 (Fig. 3D) . Therefore, data suggested PPR756 may play a conservative role in different 191 plant species, and might be more especially in monocots.
193
Subcellular localization of PPR756
194
The majority of PPR proteins are predicted to localize either in mitochondria or played essential roles in these tissues (Fig. 4C ).
225
To characterize the expression pattern of PPR756 at tissue level, we also However, in the mitochondria, the RNA editing efficiency of three editing sites, -368, ccmC-236, nad7-83 , were significantly reduced in the KO mutant (Fig. 5A ).
244
All of these three genes were involved in mitochondrial electron transport chain (ETC) 
MATERIALS AND METHODS
443
Plant materials and growth conditions 444
To construct the RNAi lines, a fragment (ranging from 13 to 354 bp) of Os12g19260
445
cDNA was amplified with primers (Table S1 ) and cloned into the pH7GWIWG(II) which the mitochondria and chloroplasts were extracted from the PPR756 OE lines.
466
Then the signals were detected by kinds of antibodies, including Flag (DIA-AN,
467
Wuhan, China), VDAC, RbcL (Agrisera, Vannas, Sweden), Actin, and Histone
468
(ABclonal). The full-length cDNA of PPR756 was amplified and cloned into the bait vector 491 pGBKT7, while OsMORF1, OsMORF2, OsWSP1, OsMORF3, 492 OsMORF8-2 and OsMORF9 were cloned respectively into the prey vector pGADT7.
493
These constructs were then co-transformed into yeast strain AH109 in corresponding 494 pairs as previously described method (Hu et al., 2012) . 
501
Constructs were co-transformed into rice protoplasts in pairs and the signals were 502 observed using a Leica microscope (DM4000 B, Germany) in bright and fluorescent 503 fields as described previously (Hu et al., 2012) . Tecan Infinite M200 (Switzerland) and the chlorophyll contents were calculated 513 according to the formula described previously (Arnon, 1949) .
515
Recombinant protein expression and RNA electrophoresis mobility shift assays
516
The recombinant protein was created with a fusion of MBP in the PPR756 517 N-terminus and 6 x His in the C-terminus which was purified across two columns 
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